Dispersers are not a random subset of the source population, and there is considerable evidence that they differ from non-dispersers in a number of phenotypic traits. However, it is not clear whether the magnitude and direction of these differences vary over time. Between 1988 and 2016, we investigated patterns of phenotype-dependent dispersal of pied flycatchers (Ficedula hypoleuca) breeding in nest-boxes in their ancestral habitat (an oak forest) and a new habitat (a pine plantation) where nest-boxes were installed for pied flycatcher colonization. Natal dispersal between the oak and the pine forest is common (ca. 25% of each cohort change habitats), and this study revealed a link between male size-a major determinant of social dominance-and dispersal propensity from the pine to the oak forest. However, the extent of size-dependent dispersal decreased following the colonization of the pine forest, to the point that dispersers and non-dispersers from the 2 habitats became morphologically indistinguishable nearly 3 decades later. In addition, there was a link between local breeding densities and the distribution of large, dominant males across the 2 habitats. Overall, these results suggest that the observed patterns of size-dependent dispersal reflect a dynamic balance between dispersal motivation, determined by the density of conspecifics in the source and destination patches, and the social dominance of large over small competitors for nest cavities in densely populated areas. Future studies using a long-term dynamic approach are needed for a comprehensive understanding of the role of non-random dispersal in shaping the phenotypic trajectories of natural populations.
INTRODUCTION
Microgeographic divergence, understood as differences in trait distributions within the dispersal radius of an organism (Richardson et al. 2014) , is traditionally assumed to be rare because dispersal typically homogenizes gene pools among neighboring populations (Hendry and Taylor 2004; Nosil and Crespi 2004) . However, theoretical and empirical research over the past decade has challenged this view by demonstrating that phenotypic traits such as body size and condition (McCauley 2010; Camacho et al. 2013; McDevitt et al. 2013) , integument coloration (Saino et al. 2014; Camacho et al. 2016) , and personality (Cote et al. 2010; Holtmann et al. 2017; Michelangeli et al. 2017) can influence individual dispersal decisions and ultimately result in phenotype-environment covariance, even at microgeographic scales.
Dispersal decisions can also be affected by the environmental context experienced at each of the 3 stages of dispersal (i.e., departure, transience, and settlement), including the social environment (Bowler and Benton 2005; Clobert et al. 2009 ). Field and experimental studies indicate that in many taxa individuals can track changes in population densities in their natal and neighboring patches to adjust dispersal decisions to the current social context (insects: Enfjäll and Leimar 2005; Rouquette and Thompson 2007; Cote et al. 2013 ; fish: Hendry et al. 2001 ; reptiles: Cote and Clobert 2007; birds and mammals: McGuire et al. 1993; Matthysen 2005; Tarwater and Beissinger 2012) . Furthermore, the decision to disperse may be jointly influenced by both individual phenotype and environmental and social conditions (Delgado et al. 2010; McCauley 2010; Wey et al. 2015) . For example, conspecific Behavioral Ecology (2019), XX(XX), 1-9. doi:10.1093/beheco/ary195 Downloaded from https://academic.oup.com/beheco/advance-article-abstract/doi/10.1093/beheco/ary195/5284996 by CSIC -Instituto De Ganaderia De Montana, Carlos Camacho on 10 January 2019 density may influence dispersal motivation differentially depending on the social tolerance or size-based dominance of individuals and ultimately result in morphological and behavioral differences between dispersers and non-dispersers (Verhulst et al. 1997; Garant et al. 2005; Cote and Clobert 2007) . These differences, however, should not necessarily be consistent over time due to fluctuations in environmental factors influencing dispersal, yet such distinction may be easily overlooked if long-term trends in the phenotype of dispersers and non-dispersers are not carefully dissected (Figure 1) . Still, the association between phenotype and dispersal leading to differences between dispersers and non-dispersers (i.e., phenotypedependent dispersal [PDD] ) has rarely been studied over long time periods (but see, e.g., Garant et al. 2005; Tarwater and Beissinger 2012) and, therefore, only limited information is available on how patterns of PDD emerge, develop, and change over time in natural populations.
Here we document the long-term dynamics of PDD in a continuously monitored population of marked pied flycatchers (Ficedula hypoleuca) breeding in a mature oak forest and a nearby (1.1 km) pine plantation where nest-boxes were installed for pied flycatcher colonization. The pied flycatcher is a small (11−13 g) migratory songbird that breeds in natural tree cavities in temperate forests across Europe and winters in western Africa (Lundberg and Alatalo 1992) . Males arrive from spring migration 1 week before females and compete aggressively for the acquisition of a territory (i.e., nest cavity) (Lundberg et al. 1981; Dale and Slagsvold 1990) . Pied flycatchers use a wide variety of forest types for breeding, but prefer deciduous or mixed deciduous-coniferous forests over pure coniferous forests due to the scarcity of natural nest cavities in the latter (Alatalo et al. 1985; Lundberg and Alatalo 1992) . Nevertheless, the attractiveness of coniferous forests for pied flycatchers can be artificially improved by adding nest-boxes for 2 reasons. First, pied flycatchers readily use nest-boxes when provided, often resulting in a substantial increase in local breeding densities (Potti and Montalvo 1990; Lundberg and Alatalo 1992) . Second, pied flycatchers make use of information about conspecific density to locate suitable nesting sites and establish their territories, so that they tend to settle in densely populated areas (Alatalo et al. 1982; Samplonius et al. 2017) .
Body size is an important factor determining the outcome of male-male contests in pied flycatchers and is therefore predicted to influence their departure and settlement decisions (Alatalo et al. 1985; Sirkïa and Laaksonen 2009 ). Long-term monitoring of marked pied flycatchers in our study area indeed reveals that 25-30% of locally recruited birds end up settling in a non-natal habitat (Camacho et al. 2013 (Camacho et al. , 2016 . Despite extensive dispersal, pied flycatchers in the oak forest tended to be larger (as measured by tarsus length) than those in the pine forest. Dispersal of largerthan-average individuals from the pine to the oak forest, rather than size-biased immigration from the ancestral habitat, seemed to be responsible for the size differentiation between the 2 populations (Camacho et al. 2013) . However, whether the patterns of sizedependent dispersal remained stable during the post-colonization phase (colonization: 1988-1993; post-colonization: 1994-2016, see Results) remains to be tested. Monitoring of dispersal behavior of marked pied flycatchers in long-colonized patches and immediately following colonization of a new habitat offers therefore an excellent opportunity to document the temporal dynamics of non-random dispersal from the earliest stages of a population foundation, and its consequences for the spatial distribution of phenotypes in structured landscapes. 
Example of 4 possible scenarios of PDD-or lack thereof-analyzed using 2 complementary approaches: a dynamic assessment of the phenotypic trends of dispersers and residents (comparison of slopes of residents β r and dispersers β d , left panels from time t to t x+i ); and a static 'snapshot' approach (comparison of mean phenotypes of residents μ r and dispersers μ d , right panels). (a) Dispersers and residents do not differ in their phenotypic trends or mean phenotypes. (b) Disperser and resident phenotypes change over time to the same extent (i.e., the slopes are parallel), but their mean phenotypes differ. This indicates that dispersal is phenotype-dependent and that the magnitude of PDD (i.e., the difference between the mean phenotype of dispersers and residents) remains constant. (c) Dispersers and residents become increasingly distinct over time, as revealed by the difference between slopes. Consequently, the magnitude of PDD increases over time and results in substantial phenotypic differences between resident and dispersers. (d) The slopes of the phenotypic trends of resident and dispersers differ in sign, which demonstrates substantial variation over time in both the magnitude and direction of PDD. When looking at a snapshot, dispersers and residents do not differ in the overall mean phenotype, which may incorrectly suggest a lack of association but, when analyzed throughout a certain time period, one can find evidence for PDD.
First, we hypothesized that the habitat-dependent relationship between body size (tarsus length) and dispersal propensity would not be consistent over the nearly 30-year span of the study (see Figure 1c and d) due to changes in the environmental factors influencing dispersal. Second, we hypothesized that local breeding density-either in the year of birth or of first reproduction-would mediate the association between body size and dispersal, as it is one of the most common drivers of PDD in birds (Verhulst et al. 1997; Garant et al. 2005; Tarwater and Beissinger 2012) . Specifically, as conspecific density is a positive cue for territory choice in the pied flycatcher (Alatalo et al. 1982; Samplonius et al. 2017) , larger and more competitive individuals should be more likely to disperse into and acquire a nest-site in preferred, densely populated patches. More specifically, this size difference between dispersers and non-dispersers should decrease as breeding density in the newly colonized pine forest reached levels similar to those of the neighboring ancestral habitat. Finally, we hypothesized that a sex-dependent pattern of PDD would be more evident in males than in females because females do not need to assert physical dominance to acquire a nest-site, and there is no evidence of size-based assortative mating in this population (Potti 2000) .
METHODS

Study system
Fieldwork was conducted near La Hiruela in central Spain (41°04′N, 3°27′W-40°40′N, 4°80′W) between 1988 and 2016 in 2 ecologically distinct habitats separated by only 1.1 km: a mature deciduous forest of 9.3 ha dominated by Pyrenean oaks (Quercus pyrenaica) and a coniferous plantation of 4.8 ha dominated by Scots pines (Pinus sylvestris). Bird movement between the oak and the pine forest is not restricted by physical barriers, but the mixture of rock outcrops and riverside vegetation separating the 2 sites is not suitable for pied flycatcher reproduction (see Camacho et al. 2015 for a more detailed description of the 2 study sites).
Because pine trees lacked natural nest cavities, suitable habitat for pied flycatcher colonization was created with the addition of nest-boxes in the coniferous plantation. Nest-boxes were provided in the oak (n = 156) and pine (n = 81) forest in 1984 and 1988, respectively, at a mean distance of 20 m (SD 9.2) between boxes. Before nest-box installation, pied flycatchers naturally occurred at very low densities (<1.5 pairs/10 ha) in a restricted area of the oak forest (Potti and Montalvo 1990) , whereas the first pair did not settle in the pinewood until nest-boxes were provided in 1988. Nestbox provisioning resulted in a population increase up to 102 pairs (11 pairs/ha) in the oak forest, and up to 56 (11.7 pairs/ha) pairs in the pine forest in 2016. Following colonization of the pine forest, the dispersal behavior and morphological traits of all pied flycatchers breeding in the oak and the pine forest have been characterized over nearly 3 decades (Potti and Montalvo 1991a, 1991b; Potti et al. 2013; Camacho et al. 2015) .
Field procedures
Nest-boxes were regularly checked from mid-April to early July to determine the breeding phenology and reproductive success of all breeding pairs Camacho et al. 2015) . On day 13 post-hatching, we marked all nestlings with numbered metal bands and measured them for tarsus length (±0.05 mm). Breeding individuals were captured while incubating (females) or feeding nestlings on day 8-10 post-hatching (males and females) using a nest-box trap. All individuals were uniquely marked with metal and color bands, measured for tarsus length, and aged as either 1 year or older following the criteria of Karlsson et al. (1986) . Field effort was constant throughout the study period except in 2002−2003, so these years were excluded from the analyses (see Potti et al. 2013; Camacho et al. 2015) .
Dispersal patterns
Natal dispersal, defined as the movement of individuals from their birthplace to their first breeding site, is treated in this study as a change of forest patch irrespective of the distance between the natal nest-box and the first breeding nest-box. The reason for this is 2-fold. First, due to the small scale of our study area, the likelihood of moving from one patch to the other is not determined by proximity of the natal nest-box to the alternative patch (Camacho et al. 2016) . Second, the treatment of dispersal as a binary response (i.e., dispersal out of the natal patch vs. philopatry) is considered to be biologically relevant on the basis on previous studies on this population indicating that dispersal propensity is affected by both individual (e.g., sex, body size, natal experience) and environmental (e.g., local breeding density) factors, and also entails reproduction costs (Camacho et al. 2015 (Camacho et al. , 2016 (Camacho et al. , 2018a . Because the proportion of adults changing habitats later in life is very small (<4 %; Camacho et al. 2013) , this study focuses on natal dispersal.
Based on the habitat of origin and the direction of natal dispersal, locally recruited individuals were classified into 4 groups: dispersers from the oak to the pine forest (N = 148), dispersers from the pine to the oak forest (N = 167), philopatric birds of the oak forest (N = 779), and philopatric birds of the pine forest (N = 346). Numbers of males and females in each group each year are shown in Supplementary Table 1. Local recruitment rates in this population are among the highest reported in the literature on the species (7−13% depending on the year; Potti and Montalvo 1991b), suggesting that most offspring that survive to reproduce return to one of the study sites. Nearly all adults, except a few polygynous males that left their secondary females unattended, are captured and identified each year. Further, breeding outside nest-boxes in our study area is rare. For these reasons, unbanded birds caught as breeding adults (N = 1473) were defined as immigrants from outside the study area.
Natal dispersal rates were calculated each year by dividing the number of recruits that moved from their natal to the alternative habitat patch by the total number of recruits that returned to the study area. Natal dispersal rates can be used as an indirect measurement of the degree of attractiveness of different patches to Ficedula flycatchers, assuming that the proportion of recruits leaving their natal patch will be lowest in the most attractive patch (Doligez et al. 2004 ). In addition, we calculated the annual rates of immigration to each habitat, expressed as the number of unbanded birds relative to the total number of birds in a given year.
To investigate PDD, we used structural body size as the focal trait, measured as tarsus length (Senar and Pascual 1997) . Body size is known to determine the ability of individuals to compete for and defend nest-sites during territorial contests, therefore influencing the departure and settlement decisions of pied flycatchers (Lundberg et al. 1981; Alatalo et al. 1985; Sirkïa and Laaksonen 2009; Camacho et al. 2013) . Specifically, we compared the body size of philopatric birds and dispersers originating from the oak and the pine forests and explored the trends in body size of each of Behavioral Ecology the 4 groups throughout the study period. Moreover, we used the data on immigrants to assess the potential effect of dispersal from areas other than our study sites on the phenotypic trajectories of pied flycatchers in the oak and the pine forests.
Breeding density estimates
We estimated breeding densities as the annual number of nestboxes occupied (those where a complete clutch was laid and incubation began) by pied flycatchers relative to the total area of each forest patch. Differences in patch size and overall population size between the oak and the pine forest could have influenced dispersal rates and confound our results. However, a cross-fostering experiment conducted in this population showed that, under similar densities, dispersal rates did not differ between patches (Camacho et al. 2016) , suggesting that habitat type alone is insufficient to explain variability in dispersal rates when controlling for density.
Data analysis
All statistical analyses were performed using R version 3.3.1 (http:// www.R-project.org). To test for temporal changes in PDD, we used a Generalized Linear Model (GLM, binomial error structure, logit link function) with dispersal behavior (return to natal patch = 0; disperse to neighboring patch = 1) as the response variable. Natal habitat (pine/oak), tarsus length, year of recruitment (treated as a continuous variable), and their pairwise interactions were included in the model as predictor variables. We were particularly interested in the 3-way interaction between these variables, because it would indicate whether the combined effect of tarsus length and habitat of origin on dispersal propensity varies over time. To further explore patterns resulting from this model, we ran an additional set of models to test for differences in the body size trends of dispersers and philopatric birds of each habitat. Specifically, we fitted 2 separate General Linear Mixed Models (GLMMs, one per habitat) including tarsus length as the response variable, and dispersal behavior (0/1), year (continuous variable), and their interaction as fixed effects. Finally, to estimate the magnitude of the phenotypic change in each of the 4 groups separately, we calculated the slopes of the regressions of tarsus length on year. Because the 3-way interaction testing for PDD was not significant in females (see Results), post-hoc analyses were restricted to males. In all GLMMs, year was also included as a random (categorical) term (see, e.g., Evans and Gustafsson 2017 for a similar approach) for several reasons. First, it considers the non-independence of measurements obtained within years, thus dealing with pseudoreplication, a key assumption when quantifying the covariance between 2 variables. Second, it considers the stochastic variation among years by shrinking the variance among all levels of the random factor while considering within-year variation in the response variable. GLMMs were fitted using the function lmer in the package "lmerTest" (Kuznetsova et al. 2016) .
Males and females were treated separately in all models because: (1) they show reversed sexual size dimorphism (Lundberg and Alatalo 1992) and, as it is often the case among birds, (2) differ in life-history traits like dispersal distance (females > males) and arrival date (females > males) (Potti and Montalvo 1991a, 1991b; Sirkïa and Laaksonen 2009 ) that might ultimately affect their dispersal behavior (Clobert et al. 2009 ); (3) size-based competition in females is predicted to be low because their settlement patterns are determined not by size, but mostly by where they can find males that have already found a suitable nesting cavity (Lundberg and Alatalo 1992) ; and (4) the effect of body size on dispersal and habitat selection often differs between the sexes in species like the pied flycatcher where the critical decision on where to settle lies primarily on one sex (e.g., Hendry et al. 2001; Camacho et al. 2013) .
Note that the dataset used in this study contains a single record for each individual because, as explained above, all analyses are restricted to natal dispersal movements. Despite there being siblings in the data, clutch effects are unlikely to be an issue, as empirical and experimental studies on this population indicate that sibling genotypes do not necessarily express the same dispersal propensities (Camacho et al. 2015 (Camacho et al. , 2016 . Neither is the propensity to disperse out of the natal habitat affected by the age of recruitment (Camacho et al. 2016) . For simplicity, nest identity and age class were not considered in the models.
To formally test for the presence of trend changes in breeding density, we performed piecewise regression models (PRMs) for each habitat separately using the R-package "Segmented" (Muggeo 2008) . Breeding density and time are correlated in both the oak (Spearman's rank correlation coefficient, r s = 0.64, P < 0.001) and the pine forest (r s = 0.91, P < 0.001), making it difficult to tease apart their effects on PDD. In addition, the independent effects of breeding density in the year of birth and in the year of first breeding are difficult to evaluate due to collinearity problems (r s = 0.52-0.86 depending on the age of first reproduction and the habitat type, all P < 0.001). Consequently, to examine the relative effects of breeding density and time on the association between body size and dispersal, we ran 3 separate GLMMs including dispersal propensity as the dependent variable. Habitat of origin and tarsus length were included as explanatory variables and year of recruitment as a random term. In addition, we inlcuded in the model the interaction between body size, habitat of origin, and either of the following: (1) year, (2) breeding density in the natal habitat at the time of birth, and (3) breeding density in the natal habitat at the time of first breeding. Models examining the effect of breeding densities on PDD were restricted to males, as no evidence of PDD was found in females (see Results). Model selection was performed using the Akaike Information Criteria for small samples (AIC) in a "smaller-is-better" form. Models whose AIC was ≥2 units larger than the best fit model were not considered further (Burnham and Anderson 2002) .
Dispersal rates, immigration rates, and breeding densities for each site and year were compared using Wilcoxon signed-rank tests (T). Diagnostic statistics (e.g., plots of residuals against fitted values checking the assumptions of residual normality and variance, examination of influential data points, and tests for collinearity) were systematically performed when fitting the models to avoid misleading conclusions based on statistical artifacts. These analyses did not show deviations from the assumptions of linear models.
RESULTS
Temporal variation in dispersal rates
Most pied flycatchers (73%, N = 1,440), regardless of sex, returned to their natal habitat patch to breed, suggesting strong natal philopatry (Supplementary Table 1 ). However, examination of dispersal rates showed that between 1991 and 2000, dispersing individuals were much more likely to move from the pine to the oak forest than the other way round (Figure 3a) . Massive emigration of locally born individuals from the pine to the oak forest during the first half of the study period actually resulted in significant differences between habitats in annual dispersal rates (T = 288; P < 0.001).
Mean immigration rates throughout the study period were rather similar in the oak and the pine forest (52% ± 2 SE and 47% ± 3.6 SE, respectively) and a comparison of the annual rates of immigration revealed no differences between habitats (Wilcoxon signedrank test, T = 258.5; P = 0.097).
Temporal trends in PDD
Male propensity to disperse between habitats depended on the interaction between tarsus length, habitat of origin, and year (GLM, Z = 3.802; P < 0.001; Supplementary Table 2), indicating that patterns of size-dependent dispersal changed over time. On closer inspection of the phenotypic trends of disperser and philopatric birds from each habitat, it is clear that the strength of this change is not uniform across different forest types. Males from the pine forest showed opposite trends depending on whether they remained in their natal habitat or dispersed to the oak forest (GLMM, dispersal behavior × year: F 1, 349 = 10.198; P = 0.001; Figure 2a ; Supplementary Table 3 ). More specifically, the body size of dispersers from the pine to the oak forest decreased over time (slope ± SE: −0.022 ± 0.008; P = 0.008), whereas philopatric males of the pine forest became progressively larger (0.016 ± 0.005; P = 0.002), thus resulting in a temporal decrease in strength of PDD in the pine forest (Figure 2a) . Conversely, the body size of males from the oak forest did not differ in relation to their dispersal behavior at any time of the study period (GLMM, dispersal behavior × year: F 1, 551 = 1.501; P = 0.221; Figure 2b ; Supplementary  Table 3) .
Females' propensity to disperse was not affected by the interaction between tarsus length, habitat of origin, and year (GLM, Z = 1.193; P = 0.233; Supplementary Table 2) . Nor did the 2-way interaction between body size and habitat of origin affect dispersal propensity, indicating that female dispersal was not phenotype-dependent (Supplementary Table 2 ). Body size did not differ between immigrants to the pine and the oak forest in either males or females (GLMM, both P > 0.30) and, although they both showed a slight increase in tarsus length over time (males: 0.006 ± 0.003; P = 0.014; females: 0.005 ± 0.002; P = 0.02), their temporal trends did not differ significantly between habitats (year × habitat: F 3, 710 = 3.577; P = 0.059).
Temporal variation in local breeding densities
Local breeding density of pied flycatchers increased in both habitats after the addition of nest-boxes (Figure 3b ), but a paired comparison of annual local densities revealed significant differences 
Figure 2
Temporal trends in mean (±SE) tarsus length of natal dispersers returning to the oak and the pine forest over the study period. Separate trends are shown for males (a, b) and females (c, d) depending on the habitat of origin (deciduous or coniferous) and the dispersal strategy (philopatric or disperser). Note that the difference between the trends of dispersers and philopatric males of the pine forest (a) remained significant after removing the extremely low value belonging to year 2016. Behavioral Ecology between habitats (T = 293; P = 0.011; Figure 3b ). PRMs indeed showed that while temporal increase in breeding density did not change over time in the oak forest (P = 0.132), the trend in breeding density changed from 1993 in the pine forest (P < 0.001). No cases of breeding had been recorded in the pine forest before the first pair established in 1988. From 1988 to 1993, population density increased rapidly (estimate: 1.327 ± 0.218, t = 6.063, 95% CI: 0.874-1.780) and since then, showed a gradual increase over time (estimate = 0.255 ± 0.028, t = 8.797, 95% CI: 0.195-0.315), up to levels comparable to those in the oak forest. Based on the results of the PRM analysis for the pine forest, the years 1988-1993 and 1994-2016 were defined as the colonization and post-colonization periods, respectively. Nest-box availability (i.e., empty boxes not occupied by either pied flycatchers or other species) over the course of the study decreased to 34 (21.8%) in the oak forest and 7 (8.4%) in the pine forest, implying that the latter habitat is close to saturation of nest-box occupation.
Effect of breeding densities on PDD
Model comparisons showed that the most parsimonious model explaining patterns of size-dependent dispersal in males included the interaction between body size × natal habitat × year (Table  1 and Supplementary Table 4) . Models examining the effect of conspecific density in the year of birth and in the year of first breeding separately indicated that the patterns of size-dependent dispersal varied significantly depending on these 2 parameters (Supplementary Table 4 ). Nonetheless, the fact that variation in size-dependent dispersal was slightly better explained by the model including "year" indicates that unmeasured environmental factors other than conspecific density may be contributing to explain annual variation in the association between body size and dispersal.
DISCUSSION
Our results confirm earlier findings that there is a sex-specific link between body size (tarsus length) and dispersal propensity in the pied flycatcher, and further show that this link emerged immediately after colonization of a non-natural habitat. No evidence of size-dependent dispersal was found in males from the ancestral habitat or females of either habitat. Examination of the body size trends of dispersers and philopatric birds from the newly colonized habitat over nearly 3 decades showed that the positive size-dependent dispersal observed during the colonization period disappeared over time as population densities increased up to levels close to saturation of nest-box occupation.
No clear evidence of size-dependent dispersal was found in females, supporting the prediction that patterns of PDD should be sex-specific (van Overveld et al. 2014) . Female dispersal would thus result in a re-assortment of phenotypes each generation, suggesting that any effect of PDD on the phenotypic trajectories of pied flycatchers may be attributed to the male sex. Examination of the body size trends in dispersers and all breeding males together indeed supports this assumption, particularly in the case of the pine forest. The observed increase in tarsus length over time among the males dispersing from the oak to the pine forest closely parallels the actual body size trend in the pool of immigrants and locally born males that returned to the pine forest as philopatric breeders (Supplementary Figure 1) . However, in the case of the oak forest, the agreement is not as good (Supplementary Figure 1) . Local maladaptation and selection against immigrants (Hendry 2004; Nosil et al. 2005; Postma and van Noordwijk 2005) are potential explanations for this discrepancy, since the reproductive output of dispersers from the pine to the oak forest tends to be the poorest among the pool of males (Camacho 2018) . In addition, it is possible that the comparatively smaller number of males moving from the pine to the oak forest would have a limited impact on the average phenotype of the oak population.
Overall, our results are in agreement with the few previous studies showing changes over time in the body size and condition of dispersers. For example, a decrease in the mean body mass of dispersers over a 36-year period was found by Garant et al. (2005) in a spatially structured population of great tits (Parus major) that closely resembles our study system in terms of species requirements (e.g., nesting cavities), social dominance of large over small individuals, and spatial heterogeneity in breeding density. However, unlike pied flycatchers, great tits dispersing to densely populated areas tended to be smaller over time due to competition avoidance-rather than conspecific attraction-by large dominant individuals. In addition, in a 22-year study of green-rumped parrotlets (Forpus passerinus), Tarwater and Beissinger (2012) showed that differences in body condition between dispersers and non-dispersers in a 2-patch system were not consistent across years due to annual variation in nest-site competition and rainfall. Based on the results from long-term studies examining individual variation in dispersal behavior, it seems that, although there are exceptions regarding behavioral traits (e.g., Quinn et al. 2011) , changes over time in the associations between phenotype and dispersal may be relatively common, as expected given the context-dependent nature of dispersal in most, if not all, organisms.
Local population density, either in the year of birth or the year of first breeding, is a critical environmental factor influencing natal dispersal in many animals (McGuire et al. 1993; Hendry et al. 2001; Cote and Clobert 2007; Rouquette and Thompson 2007; Tarwater and Beissinger 2012) , including the pied flycatcher (Samplonius et al. 2017; Camacho et al. 2018a ). Because of the strong correlation between breeding density in the year of birth and the year of first breeding, the relative importance of these cues to pied flycatchers could not be determined, but there is experimental evidence to suggest that both the departure (year of birth) and settlement (year of first breeding) stages of dispersal can be affected by environmental cues (Alatalo et al. 1982; Camacho et al. 2016; Samplonius et al. 2017) .
Breeding density strongly influences the social and competitive environment experienced by dispersers and could thus determine their settlement preferences and ability. Based on the still limited number of breeding pairs in the pine forest during the earliest stages of colonization, and the attraction of pied flycatchers to conspecifics (Alatalo et al. 1982; Samplonius et al. 2017) , it seems plausible that the oak forest attracted more dispersers than the pine plantation shortly after the study began. Examination of dispersal rates in both directions also supports a greater attractiveness of the ancestral oak forest during the colonization period (see Doligez et al. 2004) , when the proportion of birds switching from the pine to the oak forest was much greater than the other way round. However, not all birds are capable of settling in the preferred habitats. Dispersal success typically differs between large and small individuals due to size-based competition for territories and, as a result, dispersers are often larger than non-dispersers (Verhulst et al. 1997) . Male pied flycatchers dispersing from the pine to the oak forest in the years following nest-box placement were indeed larger than philopatric individuals, possibly because larger males competed more effectively for nest-boxes in the preferred habitat and excluded smaller, subordinate males. Bird numbers in the pine forest increased in subsequent years until breeding density-and competition for nest-boxes-became similar to the ancestral habitat and the association between body size and dispersal disappeared. Conceivably, a temporal change in the social and competitive environment ensued from the rapid colonization of the pine patch could have triggered the observed reversal in the body size trends of dispersers and philopatric males of this habitat.
Because of the descriptive nature of this study, the role of breeding density in shaping the PDD strategies of pied flycatchers should be cautiously interpreted, as dispersal decisions might be affected by environmental factors other than conspecific attraction or competition avoidance, such as habitat quality and predation risk (Baguette et al. 2011; Cote et al. 2013) . Furthermore, the fact that the model testing for the effect of year on size-dependent dispersal received a slightly stronger statistical support than those including breeding densities suggests that other unmeasured factors may well act in addition to conspecific attraction to influence the association between body size and dispersal. For instance, one could argue that the largest males originating from the pine forest that initially moved to the oak forest might have travelled farther towards another non-monitored patch as the oak and the pine populations approached saturation levels. However, based on non-systematic explorations of surrounding areas and the negligible recovery rates of marked immigrants from other long-term monitored populations in the same region, it seems that dispersal outside the study area is very rare. On the other hand, it may be argued that large and small males might be locally adapted to different habitats and adjust their dispersal and settlement decisions to changes in environmental factors not measured in this study, such as food availability or predation risk, a phenomenon called matching habitat choice (Edelaar et al. 2008) . However, matching habitat choice can be discarded as a driver of dispersal in this system based on the results of a previous study on this pied flycatcher population showing that size-dependent dispersal does not confer a clear advantage to males in terms of breeding performance (Camacho et al. 2015) .
CONCLUSIONS
The foundation of a new pied flycatcher population next to the ancestral habitat of the species offered us a rare opportunity to document the emergence and change over time of a link between body size and dispersal propensity in the wild. PDD patterns apparently reflect a dynamic balance between the individuals' tendency to disperse, determined by the density of conspecifics in the natal and future breeding patches, and their ability to acquire a nest-site in densely populated areas, determined by body size (Camacho et al. 2013 (Camacho et al. , 2018a ). On a more general level, our results indicate that PDD by relatively few individuals might be strong enough to promote rapid phenotypic differentiation during population colonization, although the levels of spatial segregation of phenotypes might fluctuate over time in response to changes in environmental conditions.
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